Generation of singlet oxygen induces phospholipid scrambling in human erythrocytes.
Maintenance of phospholipid asymmetry of the plasma membrane is essential for cells to prevent phagocytic removal or acceleration of coagulation. Photodynamic treatment (PDT), which relies on the generation of reactive oxygen species to achieve inactivation of pathogens, might be a promising approach in the future for decontamination of red blood cell concentrates. To investigate whether PDT affects phospholipid asymmetry, erythrocytes were illuminated in the presence of 1,9-dimethyl-methylene blue (DMMB) as photosensitizer and subsequently labeled with FITC-labeled annexin V. This treatment resulted in about 10% annexin V positive cells, indicating exposure of phosphatidylserine (PS). Treatment of erythrocytes with N-ethylmaleimide (NEM) prior to illumination, to inhibit inward translocation of PS via the aminophospholipid translocase, resulted in enhanced PS exposure, while treatment with H(2)O(2) (previously shown to inhibit phospholipid scrambling) greatly diminished PS exposure, indicating the induction of phospholipid scrambling by PDT. Only erythrocytes illuminated in the presence of DMMB showed translocation of NBD-phosphatidylcholine (NBD-PC), confirming scrambling induction. Double label experiments indicated that PS exposure does not occur without concurrent scrambling activity. Induction of scrambling was only moderately affected by Ca(2+) depletion of the cells. In contrast, scavengers of singlet oxygen were found to prevent phospholipid scrambling induced by PDT. The results of this study show that phospholipid scrambling is induced in human erythrocytes by exposure to singlet oxygen.